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Sn-Ag-Cu SOLDER AND 
SURFACE TREATMENT AND PARTS MOUNTING METHODS USING THE SAME 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a solder containing tin 
(Sn) , silver (Ag> and copper (Cu) and surface treatment and parts 
% mounting methods using the solder and more particularly f to a 

tn 

%j Sn-Ag-Cu solder that suppresses copper (Cu) of circuit layers of 

U 

O 10 Pointed Wiring Boards (PWBs) to dissolve into the molten solder 

CO 

,.p in soldering processes, a method of surface-treating a PWB using 

3 

C3 the solder, and a method of mounting electronic parts or components 

fy on a PWB using the solder. 

Q 2* Description of the Related Art 

G 

15 To form the coating on the circuit layers of a PWB or the 

footprint thereof, or to mount electronic parts or components onto 
a PWB, conventionally, 63Sn-37Pb alloys that contain 63 weight % 
(wt%) of Sn and 37 wt% of Pb (lead) have been usually used as solder. 

In recent years, environmental pollution due to Pb eluted 
20 from scrapped electronic equipment has become a matter of importance . 
Thus, vigorous research and development for solder without lead 
(i.e., lead (Pb)-free solder) has been made in the electronic 
equipment manufacturing industry. As typical Pb-free solders, 
various Sn-Cu, Sn-Ag-Cu, and Sn-Zn (zinc) alloys have been developed 
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and disclosed so far. Addition of bismuth (Bi) , indium (In) , and/or 
germanium (Ge) to these alloys has been also studied. 

Sn-Cu solder alloys have a disadvantage of a high melting 
point. With a 99.3Sn-0.7Cu alloy containing 99.3 wt% Sn and 0.7 
5 wt% Cu that has a eutectic composition, the melting point is as 
high as 227 °C. Thus r there is a problem that PWBs and electronic 
parts or components mounted thereon are unable to withstand the 
heat applied during the soldering process, because typical PWBs 
have heat resistance against temperatures of approximately 260 °C 
10 or lower, 

Sn-Zn solder alloys have an advantage of a proper melting 
point. With a 91Sn-9Sn alloy containing 91 wt% Sn and 9 wt% Zn that 
has a eutectic composition, the melting point is 199 °C, which is 
P near the melting point (183 °C) of a 63Sn-37Pb alloy having a eutectic 

15 composition. Therefore, Sn-Zn solder alloys are pref erred from the 
viewpoint of soldering temperatures. However, Sn-Zn solder alloys 
have a problem that they tend to be oxidized conspicuously because 
they contain an active element of Zn. As a result, they are unable 
to provide solder joints with desired quality or state. 
20 On the other hand, Sn-Ag-Cu solder alloys have an acceptable 

melting point . With a 95 . 8Sn-3 . 5Ag-0 . 8Cu alloy containing 95 . 8 wt % 
of Sn, 3.5 wt% of Ag, and 0.8 wt% of Cu that has a ternary eutectic 
composition, the melting point is 217 *C. Although the melting 
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point of 217 °C is higher than the melting point (183 °C) of a 
63Sn-37Pb alloy, it is sufficiently low from the viewpoint of the 
heat resistance of PWBs . Also, when Sn-Ag-Cu solder alloys are used 
while the heat treatment temperature for forming the coating on 
5 the circuit layers of PWBs or the footprint thereof , or mounting 
electronic parts or components onto PWBs is set at 250 °C, a desired 
soldering quality or state as well as a desired mechanical 
characteristic can be realized* 
S! Accordingly, it is seen that Sn-Ag-Cu solder alloys are most 

C3 10 practical within the-above-identif ied Pb-free solder alloys. Thus, 

m 

various techniques have ever been developed and disclosed to provide 
*S further improved Sn-Ag-Cu solder alloys. 

iU _ - 

;™i For example, the Japanese Non-Examined Patent Publication 

P 

^ No. 2-34295 published in 1990 discloses a "solder composition" that 

15 contains 92.5 to 96.9 wt% of Sn, 3 to 5 wt% of Cu, 0.1 to 2 wt% 
of Ni, and 0 to 0.5wt% of Ag. An object of this solder composition 
was to provide a Pb-free solder for piping. 

The Japanese Non-Examined Patent Publication No. 2-17 93 88 
published in 1990 discloses a "low melting-point Ag solder" that 
20 contains 10 to 30 wt% of Ag, 70 to 90 wt% of Sn, 0.05 to 5 wt% of 
at least one of Cu, In, and Ga, and 0.05 to 1 wt% of at least one 
of Fe and Ni. An object of this solder was to improve its corrosion 
resistance and electrical and thermal conductivity. 
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The Japanese Non-Examined Patent Publication No. 4-333391 
published in 1992 discloses a ^Pb-alloy brazing material" that 
contains 0.5 to 10 wt% of Sn, 1 to 6 wt% of Ag, 0.01 to 0.5 wt% 
of Ni, and a balance of Pb and inevitable impurity. An object of 
5 this material was to improve its creep characteristic. 

The Japanese Non-Examined Patent Publication No. 6-269983 
published in 1994 discloses a SN Ag solder" that contains 5 to 20 
wt% of Ag, 70 to 90 wt% of Sn, 0.05 to 10 wt% of Cu, 0.05 to 2 wt% 
of palladium (Pd) , and 0.05 to 1 wt% of at least one of Fe, Co, 
10 and Ni. An object of this solder was to improve its wettability 
on a Ni-system base metal. 

The Japanese Non-Examined Patent Publication No. 11-77366 
published in March 23, 1999, discloses a "solder alloy" that 
contains Sn as a main ingredient, 1.0 to 4.0 wt% of Ag, 2 wt% or 
15 less of Cu, and 10 wt% or less of Ni . An object of this solder alloy 
was to improve its thermal fatigue resistance and connectivity. 

Generally, it has been known that a phenomenon termed 
"copper leaching" occurs when a Sn-Ag-Cu alloy is coated on the 
plated Cu circuit layer of a PWB by the hot-air leveling method. 
20 The "copper leaching" is a phenomenon that Cu contained in the 
circuit layer dissolves in the molten alloy thus coated and as a 
result, the thickness of the circuit layer decreases. In the worst 
case, the circuit layer is broken or cut due to the "copper leaching" 
phenomenon. This degrades the reliability of the PWB. 
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It has also been known that the "copper leaching" occurs 
when a Sn-Ag-Cu alloy is used as a solder for mounting electronic 
parts or components onto the Cu circuit layer of a PWB by the 
flow-soldering method- In this case, soldering defects tend to 
5 occur due to the "copper leaching", thereby degrading the 
reliability of the PWB. 

Accordingly, to effectively prevent the "copper leaching" 
kJ phenomenon, the Japanese Non-Examined Patent Publication No. 

m 



11-77368 published in March 23, 1999, discloses a "Pb-free solder 
10 alloy" that contains a Sn-Pb-Bi-In alloy as its main ingredient 
and 1 to 4 wt% of Cu. The Japanese Non-Examined Patent Publication 
p No. 9-94688 published in 1997 discloses a "Pb-free solder alloy" 

fU that contains a Sn-Zn-Ni alloy as its main ingredient and 0.1 to 

H 

p 3 wt% of Cu. 

C3 

15 T he solder alloys disclosed in the above-identified 

Publication Nos. 11-773 68 and 9-94 688 have an object to prevent 
the "copper leaching" phenomenon by addition of Cu. However, the 
solder alloy disclosed in the Publication No. 11-77368 has a 
disadvantage that the melting point is excessively high because 
20 its solidus and liquidus temperatures are 208 °C and 342 °C, 
respectively* The solder alloy disclosed in the Publication No. 
9-94688 has a disadvantage that it is easily oxidized. This is 
because the solder alloy is one of Sn-Zn alloys having the 
above-described easy oxidation property. 
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In addition, none of the above-described Publication Nos. 
2-34295, 2-179388, 4-333391, and 6-269983 refers to the "copper 
leaching" phenomenon. Similar to the above-described Publication 
Nos. 11-77368 and 9-94688, the above-described Publication No. 
5 11-77366 discloses the fact that the "copper leaching" phenomenon 
can be suppressed by addition of Cu. However, the Publication No. 
11-77366 does not describe how much the addition of Cu suppresses 
W the same phenomenon. 

|3 10 SUMMARY OF THE INVENTION 

CO 

Accordingly, an object of the present invention is to 
p provide a Pb-f ree solder that has a satisfactory low melting point 

H 

a: ; 

IM and that suppresses effectively the "copper leaching" phenomenon. 

Another object of the present invention is to provide a 
15 Pb-free solder that is difficult to be oxidized and that has high 
wettability. 

Still another object of the present invention is to provide 
a method of surface-treating a PWB that realizes a PWB with high 
reliability, 

20 A further object of the present invention is to provide a 

method of mounting electronic parts or components on a PWB that 
forms highly reliable solder joints. 

The above objects together with others not specifically 
mentioned will become clear to those skilled in the art from the 
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following description. 

According to a first aspect of the present invention, a 
Pb-free solder is provided, which consists essentially of: 
(a) 1.0 to 4.0 wt% of Ag; 

5 (b) 0.4 to 1.3 wt% of Cu; 

(c) at least one of 0.02 to 0.06 wt% (or 0.02 to 0*04 wt%) of 

Ni and 0.02 to 0.06 wt% (0.02 to or 0.05 wt%) % of Fe; and 
y (d) a balance of Sn; 

? ? j wherein said Ni and/or Fe serve (s) to lower a copper 

10 dissolution rate of said solder. 
Jr With the Pb-free solder according to the first aspect of 

|3 the invention, the "copper leaching" phenomenon can be effectively 

fU suppressed due to existence of Ni and/or Fe within the specific 

13 amount range. Also, since the amount of the Ni and/or Fe is very 

15 small, the solder according to the first aspect of the invention 
has a composition similar to the eutectic composition of Sn-Ag-Cu 
solders without Ni and Fe. Thus, the solder has a low liquidus 
temperature (i.e., a low melting point). 

Moreover, the solder according to the first aspect of the 
20 invention is one of the Sn-Ag-Cu solders and therefore, it is 
difficult to be oxidized and satisfactory in wettability. 

It is preferred that the content of Ni is in the range from 
0.02 to 0.04 wt% and/or the content of Fe is in the range from 0.02 
to 0.05 wt%. 

-7- 



00 09/27 21:48 FAX 03 3208 0644 ARICHIKA&IZUM ■» WHITESEL 



m 



m 



Preferably, the solder according to the first aspect of the 
invention has a copper dissolution rate of 0*15 um or less (or 0.20 
um or less) . This is to ensure the suppression of the "copper 
leaching" phenomenon. 
5 Preferably, the solder according to the first aspect of the 

invention has a liquidus temperature of 240 °C or lower. More 
preferably, the liquidus temperature is 230 °C or lower. This is 
to ensure a satisfactory low melting point. 

Preferably, the solder according to the first aspect of the 
10 invention has a viscosity of 2.5 cP or lower. 

According to a second aspect of the present invention, a 
method of surface-treating a PWD is provided, which comprises the 
steps of: 

(a) preparing the solder according to the first aspect of the 
15 invention; and 

(b) selectively coating the solder on a Cu circuit layer of a 
PWB. 

With the method of surface-treating a PWD according to the 
second aspect of the invention, the solder can be selectively coated 
20 onto the Cu circuit layer of the PWB with high reliability. 

According to a third aspect of the present invention, a 
method of mounting electronic parts or components on a PWD is 
provided, which comprises the steps of: 
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(a) preparing the solder according to the first aspect of the 
invention; and 

(b) soldering electronic parts or components on a Cu circuit 
layer of a PWB with the solder. 

5 With the method of mounting electronic parts or components 

on a PWD according to the third aspect of the invention, the 
electronic parts or components can be mounted (i.e., mechanically 

O supported and electrically connected) on the Cu circuit layer of 

P the PWB with highly reliable solder joints, 

fs=z 

~5' BRIEF DESCRIPTION OF THE DRAWINGS 

% In order that the present invention may be readily carried 

7\ into effect, it will now be described with reference to the 

4 

2 accompanying drawings. 

15 Fig. 1 is a graph showing the relationship between the 

content of the elements or ingredients of Sn-Ag-Cu solders and the 
copper dissolution rate thereof. 

Figs./^^t^E arp^graphs showing the result of experiments 
bf the sample solders In Tables 11 to 15 under the condition that 



\ 

2$ the Cu content is changed from 0.2 to 1.6 wt% and the Ni content 
is changed from o/to 0.1 wt% while the Ag content is fixed at 0.5, 
1, 3.5, 4, or A wt% r respectively. 

Figs/. 3A to 3E are graphs showing the result of experiments 
Of the sample solders in Tables 11 to 15 under the condition that 
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15 
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the Ag content is changed from 0.2 to 1/6 wt% and the Ni content 
s changed from 0 to 0.1 wt% while th£ Cu content is fixed at 0.2, 

0. 4, 0.8, 1.2, and 1.6 wt%, respectively. 
Figs. 4A to 4E are graprhs showing the result of experiments 

of the sample solders in Tables 11 to 15 under the condition that 
the Cu content is chafed from 0.2 to 1.6 wt% and the Fe content 
is changed from 0 t6 0.1 wt% while the Ag content is fixed at 0.5, 

1, 3.5, 4, and wt%, respectively. 

Figs/: 5A to 5E are graphs showing the result of experiments 
of the sample solders in Tables 11 to 15 under the condition that 
the Ag/ content is changed from 0.2 to 1.6 wt% and the Fe content 
is (Changed from 0 to 0 . 1 wt% while the Cu content is fixed at 0.2, 
4, 0.8, 1.2, and 1.6 wt%, respectively. 

Fig. 6 is a graph showing the relationship between the 
liquidus temperature and the Ni content in the Sn-Ag-Cu solder that 
contains 3.5 wt% of Ag and 0.8 wt% of Cu. 

Fig. 7 is a graph showing the relationship between the 
liquidus temperature and the Ni content in the Sn-Ag-Cu solder that 
contains 3.5 wt% of Ag, 0.8 wt% of Cu, and 0.02 wt% of Fe . 

Fig. 8 is a graph showing the relationship between the 
copper dissolution rate and the Ni or Fe content in the Sn-Ag-Cu 
solder that contains 3.5 wt% of Ag and 0.8 wt% of Cu, and the 
relationship between the copper dissolution rate and the Ni content 
in the Sn-Ag-Cu solder that contains 3.5 wt% of Ag, 0.8 wt% of Cu, 
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and 0.02 wt% of Fe. 

Fig. 9 is a graph showing the relationship between the 
copper dissolution rate and the Ag content in the Sn-Ag-Cu solder 
when the Ni content is changed from 0 to 0.1 wt% and the Cu content 
1 at 0.8 wt%. 

Fig. 10 is a graph showing the relationship between the 
copper dissolution rate and the Cu content in the Sn-Ag-Cu solder 
when the Ni content is changed from 0 to 0.1 wt% and the Ag content 
is fixed at 3,5 wt% . 

Fig. 11 is a graph showing the relationship between the 
liquidus temperature and the Ag content in the Sn-Ag-Cu solder when 
the Ni content is changed from 0 to 0.1 wt% and the Cu content is 
fixed at 0.8 wt%. 

G Fig. 12 is a graph showing the relationship between the 

6 

15 liquidus temperature and the Cu content in the Sn-Ag-Cu solder when 
the Ni content is changed from 0 to 0 . 1 wt% and the Ag content is 
fixed at 3.5 wt% . 

DETAILED DESCRIPTION OF THE INVENTION 
20 To accomplish the above-described objects, the inventors 

conducted experiment and research vigorously and as a result, they 
found the fact that the "copper leaching" phenomenon can be 
effectively suppressed if proper amount of Ni and/or Fe is/are added 
to a Sn-Ag-Cu solder alloy. Through the fact thus found, they 
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created the present invention. 

As already explained above, the Fb-free solder according 
to the present invention consists essentially of: 
(a) 1.0 to 4.0 wt% of Ag; 

5 (b) 0*4 to 1.3 wt% of Cu; 

(c) at least one of 0.02 to 0.06 wt% (or 0.02 to 0.04 wt%) of 
Ni and 0.02 to 0.06 wt% (0.02 to or 0.05 wt%> % of Fe; and 

(d) a balance of Sn; 

wherein the Ni and/or Fe serve (s) to lower a copper 
10 dissolution rate of the solder. 

The solder according to the invention is explained in detail 

below. 

Fig. 1 and the following Table 1 express the copper 
dissolution rate (jum/sec) obtained under the condition that 
15 specific elements Ag, Cu, Bi, In, Zn, Fe, or Ni were added to Sn 
as its main ingredient. From Fig. 1 and Table 1, it is seen that 
the higher the copper dissolution rate is, the more easily the 
XN copper leaching'' phenomenon progresses. 



20 



-12- 



'00 09/27 21:49 FAX 03 3208 0644 



ARICHIKA&IZUMI 



+ WHITESEL 



1016 



TABLE 1 



COMPOSITION ( wt% ) 


COPPER 
DISSOLUTION 
RATE 


Sn 


Ag 


Cu 


Bi 


In 


Zn 


Fe 


Ni 


( i im /cor- \ 
^ fiiu/ beg j 


i no 

X \J \J 


o 


u 


U 


□ 


0 


0 


0 


0. 61 


Qfi ft 


1 9 


u 


n 
U 


0 


0 


0 


0 


0. 41 




•3 c: 
» -J 


u 


U 


U 


U 


0 


0 


0.27 




n 
u 


U . 4 


U 


0 


0 


0 


0 


0.43 


Q Q ? 


n 




U 


0 


0 


0 


0 


0.29 


y a . o 


U 


1 • 2 


0 


0 


0 


0 


0 


0. 17 




U 


0 


2 


0 


0 


0 


0 


0.50 




U 


0 


4 


0 


0 


0 


0 


0 . 42 


G9 


U 


0 


8 


0 


0 


0 


0 


0. 32. 




u 


0 


0 


2 


0 


0 


0 


0. 47 


y b 


0 


0 


0 


4 


0 


0 


0 


0.38 




0 


0 


0 


8 


0 


0 


0 


0.29 


y y 


0 


0 


0 


0 


1 


0 


0 


0.20 




U 


0 


0 


0 


2 


0 


0 


0.06 


96 


0 


0 


0 


0 


4 


o 


n 


0.02 


91 


0 


0 


0 


0 


9 


0 


0 


0.01 I 


99. 98 


0 


0 


0 


0 


0 


0* 02 


0 


0.52 


99.96 


0 


0 


0 


0 


0 


0.04 


0 


0.46 


99.94 


0 


0 


0 


0 


0 


0. 06 


0 


0.41 


99. 98 


0 


0 


0 


0 


0 


0 


0.02 


0.45 


99. 96 


0 


0 


0 


0 


0 


0 


0. 04 


0.35 


99. 94 


0 


0 


0 


0 


0 


0 


0.06 


0.26 
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As seen from Fig, 1 and Table l r the copper dissolution rate 
is conspicuously decreased by addition of a trace of of Ni or Fe 
while the decrease in the copper dissolution, rate is relatively 
small when other elements than Ni and Fe are added. Generally, the 
liquidus temperature decreases with the increasing amount of the 
added element or elements to an alloy with the eutectic composition. 
Thus, it can be said that the " copper leaching" phenomenon can be 
effectively suppressed by addition of Ni and/or Fe while the 
liquidus temperature is suppressed to rise. 



m 10 The reason of selection of the elements Ag, Cu, Ni and Fe 

a 

CO to be added and the reason of limitation of their amounts are 

s explained below.; 

(Ag: 1.0 to 4.0 wt%) 

Ag is an element having a function of enhancing or improving 
15 the wettability of the solder . In other words, the wetting time 
can be shortened by addition of Ag. 

The following Table 2 shows the result of a test that 
measures the wettability of Sn-Ag-Cu solders according to the 
wetting balance method specified in the section 8*3.1.2 of JIS 
20 (Japan Industrial Standard) Z 3197. For this test, 

phosphorus-deoxidized copper plates (thickness: 0.3 mm, width: 5 
mm, length: 50 mm) were heated for 20 minutes at 130 °C, thereby 
oxidizing the plates. The copper plates thus oxidized were used 
as samples* 
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A flux for this test was produced in the following way. 
Specifically, 25 mg of rosin was dissolved in isopropyl alcohol 
and then, 0.39 ± 0.01 g of diethyl amine hydrochloride was added 
thereto . 

The temperature of a soldering bath was set at 250 °C, the 
dipping speed of the samples into the bath was set at 16 mm/sec, 
the dipping depth was set at 2mm, and the dipping period was set 
at 10 seconds. 
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TABLE 2 



COMPOSITION 
( wt% ) 


SOLIDUS 
TEMPERATURE 
( °C ) 


LIQUIDDS 
TEMPERATURE 
( °C ) 


COPPER 
DISSOLUTION 
RATE 
( jira/sec ) 


WKTTTMf; 

r V l_l J_ _L _L IN V3 

TIME 
( sec ) 


Sn 


Ag 


Cu 


100 


0 


0 


232 


232 


0. 61 


5.42 


99. 6 


0 


0.4 


227 


230 


0.43 


2.37 


99.2 


0 


0.8 


227 


227 


0.29 


2 » 2 


98 . 8 


0 


1.2 


227 


244 


0.17 


2.22 


J 98.4 


0 


1.6 


227 


259 


0.04 


2. 96 


98.8 


1.2 


0 


221 


228 


0-41 


1.4 


98.4 


1.2 


0.4 


217 


226 


0. 30 


1. 55 


98 


1.2 


0.8 


217 


224 


0.19 


1.49 


97. 6 


1.2 


1.2 


217 


237 


0.13 


1.73 


97. 2 


1.2 


1.6 


217 


253 


0.07 


3. 48 


96.5 


3.5 


0 


221 


221 


0.27 


1. 43 


96. 1 


3.5 


0.4 


217 


219 


0.18 


1.24 


95. 7 


3.5 


0.8 


217 


217 


0 . 13 


1. 16 


95. 3 


3.5 


1.2 


217 


226 


0.08 


1. 41 


94 . 9 


3.5 


1.6 


217 


242 


0.04 


2. 97 



As seen from Table 2, the Sn-Cu alloys without Ag have the 
tting time greater than two seconds. Unlike this, almost all the 
-Cu alloys with Ag have the wetting time less than two seconds. 
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In particular, the alloy containing 3*5 wt% of Ag and 0.8 wt% of 
Cu has a minimum wetting time of 1.16 second and a copper dissolution 
rate of 0.13 um/sec. 

With the Sn-Ag-Cu alloy to which Ne and/or Fe is/are added 
5 according to the invention, when the Ag content is less than 1.0 
wt%, the effect to shorten the wetting time is insufficient. On 
the other hand, when the Ag content is greater than 4.0 wt%, the 
liquidus temperature is excessively high, causing the danger that 
some defect occurs in the PWB and/or electronic components during 
10 the soldering process. As a result, the preferred content of Ag 
is 1.0 to 4*0 wt% in the solder of the present invention, the reason 
of which is explained later. 
fU (Cu: 0*4 to 1.3 wt%) 

Cu is an element having a function of suppressing the 
15 n copper leaching" phenomenon of the Cu circuit layers of the PWB. 

Table 3 shown below shows the result of tests that measure 
the solidus and liquidus temperatures and the copper dissolution 
rate of Sn^Pb solders with the eutectic composition according to 
JIS H63A. The tests were conducted to find the preferred content 
20 range of Cu. 



£3 

IB 



s : 
6 > 
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TABLE 3 



COPPER 
CONTENT 
( wt% ) 


SOLIDUS 
TEMPERATURE 

( °c ) 


LIQUIDUS 
TEMPERATURE 

( °C ) 


COPPER 
DISSOLUTION 
RATE 
( jjiti/sec ) 


0 


183 


183 


0.10 


0.1 


183 


183 


0.08 


0.2 


183 


198 


0.07 


0.3 


183 


218 


0.05 


0.4 


183 


236 


0.04 


0.5 


183 


250 


0.02 



I 3J 

C3 



10 



15 



As seen from Table 3, the copper dissolution rate decreases 
with the increasing amount of Cu added, which means that the "copper 
leaching" phenomenon can be suppressed by addition of Cu. it is 
also found that the liquidus temperature rises as the amount of 
Cu is increased. 

From the viewpoint of the tendency from Table 3, with the 
solder according to the invention, in which Ni and/or Fe is/are 
added to an Sn-Ag-Cu alloy, the effect to suppress the "copper 
leaching" phenomenon is insufficient when the Cu content is less 
than 0.4 wt% . On the other hand, when the Cu content is greater 
than 1.3 wt%, the liquidus temperature is excessively high, causing 
the possibility that defects tend to occur in the PWE and/or 
electronic components mounted thereon in the soldering process. 
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Accordingly, it is preferred that the Cu content is in the range 
from 0.4 wt% to 1.3 wt%, the reason of which is explained later. 

Additionally, Tables 4 and 5 show the relationship between 
the Ag and Cu contents and the liquidus temperature and the copper 
dissolution rate of Sn-Ag-Cu solders, respectively. In Tables 4 
and 5, the balance of the composition is Sn. 



TABLE 4 



3 

L5 



r copp£r 

/ DISSOLUTION 
/ 
RATE 


Cu CONTENT 
( wt% ) 


( tfa/i 


sec ) 


0 


0.2 


0.4 


0.8 


1 


1.2 


1.6 


Ag 
CONTENT 
( wt% ) 


0 


232 


230 


229 


227 


235 


244 


259 


0.5 


231 


230 


228 


226 


233 


241 


257 


1 


229 


228 


1 227 


225 


231 A 


238 


254 


2 


226 


225 




'224 


222 


227 


233 


249 


3 


222 


222 




221 


219 


224 J 


228 


244 


3.5 


221 


220 




219 


217 


222 j 


22 6 


242 


4 


228 


227 


226 


224 


229 


233 


249 


5 


240 


239 


238 


236 


241 


245 


261 



10 



•Ml - O 
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TABLE 5 



COPPER 
DISSOLUTION RATE 
( (Jin/sec ) 


Cu CONTENT 
( wt% ) 


0 


0.2 


0.4 


0.8 


1 


1.2 


1.6 


Ag 
CONTENT 
( wt% ) 


0 


0. 610 


0.520 


0. 430 


0.290 


0.230 


0.170 


0. 100 


0.5 


0.510 


0.440 


0.370 


0.240 


0.195 


0.150 


0.085 


1 


0.435 


0 . 380 


(o?320 


0.200- 


0.170 


0.135 


0.075 


2 


0 . 340 


0.290 


0.240 


0.160 


0.140 


0. 110 


0.060 


3 


0.290 


0.240 


|0 . 190 


0.140 


0 . 120J 


0.090 


0 . 045 


3.5 


0.270 


0.220 


/0.I8O 


0. 130 


0 . 110 

i 


0.080 


0 . 040 


4 


0.260 


0 .210 


0.170 


0 . 120 


0.100 


0.080 


0.035 


5 


0.250 


0.200 


0. 160 


0.110 


0. 090 


0 . 070 


0.030 



It is found from Table 4 that the liquidus temperature is 
minimized when the Ag content is 3.5 wtft and the Cu content is 0.8 
wt% and that the liquidus temperature rises if the Ag content is 
increased or decreased from 3*5 wt% and the Cu content is increased 
or decreased from 0.8 wt%. As described above with reference to 
Table 2, the alloy containing 3,5 wt% of Ag and 0,8 wt% of Cu has 
a minimum wetting time of 1.16 second and a copper dissolution rate 
of 0.13 nm/sec. 

Also, it is found from Table 4 that the liquidus temperature 
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is relatively lower when the Cu content is in the range from 0.4 
wt% to 1.2 wtl. The liquidus temperature is relatively lower when 
the Ag content is in the range from 1 wt% to 4 wt%. 

On the other hand, it is found from Table 5 that the copper 
5 dissolution rate increases as the Cu and Ag contents are increased* 
(Ni; 0.02 to 0,06 wt%) 

As described previously, Ni is an element having a function 
of suppressing the ''copper leaching" phenomenon of the Cu circuit 
layers of the FWB. This function becomes distinctive by addition 
10 of a trace of Ni. 

With the Sn-Ag-Cu alloy to which Ni is added according to 
the invention, when the Ni content is less than 0.02 wt%, the effect 
to suppress the "copper leaching" phenomenon is insufficient. On 
the other hand, when the Ni content is greater than 0.06 wt%, the 

C3 

O 15 liquidus temperature is excessively high, causing a danger that 
some defect occurs in the PWB and/or electronic components. As a 
result, the preferred content of Ni is 0.02 to 0.06 wt%, in which 
the liquidus temperature is set at 24 0 °C or lower. It is found 
that the more preferred content of Ni is 0.02 to 0.04 wt%, in which 
20 the liquidus temperature is set at 230 °C or lower. 
(Fe: 0.02 to 0*06 wt%) 

As described previously, like Ni, Fe is an element having 
a function of suppressing the "copper leaching" phenomenon of the 
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Cu circuit layers of the PWB. This function becomes distinctive 
by addition of a trace of Fe. 

With the Sn-Ag-Cu alloy to which Fe is added according to 
the invention, when the Fe content is less than 0*02 wt%, the effect 
to suppress the "copper leaching" phenomenon is insufficient* On 
the other hand, the rise of the liquidus temperature due to the 
addition of Fe is relatively smaller than that caused by the addition 
of Ni. In particular, when the Fe content is less than 0.1 wt%, 
the liquidus temperature scarcely changes due to the addition of 
^ 10 Fe. However, if the Fe content is greater than 0*06 or 0,05 wt%, 

w 

CO the viscosity is excessively high, causing the following problems. 

3 The first problem is that the thickness of the coated solder 

o 

id on the copper circuit layers of the PWB is not uniform when the 

ry 

f 2" solder is coated by the hot-air leveling method. Moreover, there 

^ 15 is a possibility that the circuit layers are not partially coated 
by the solder and that unwanted solder bridges are formed between 
the adjoining circuit lines. 

The second problem is that the soldering yield lowers in 
the flow-soldering process because of instable flow of the solder 
and that the connection reliability of the solder joints degrades 
due to solder amount fluctuation in the joints. 

As a result, it is found that the preferred range of the 
Fe content is 0.02 to 0.0 6 wt%. From the viewpoint of the viscosity, 
the more preferred range of the Fe content is 0.02 to 0.05 wt%. 



20 
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O 15 



(Ni: 0.02 to 0*06 or 0.04 wt%, Fe: 0.02 to 0,06 or 0.05 wt%) 

If Fe is further added to the Sn-Ag-Cu alloy along with Ni, 
there is an additional advantage that the copper dissolution rate 
can be further lowered compared with that of the solder to which 
5 only one of Ni and Fe is added. In this case, the liquidus 
temperature is approximately the same as that of the solder to which 
only Ni is added. Thus, when both Ni and Fe are added, the preferred 
range of the Ni content is 0.02 to 0.06 wt% or 0.02 to 0.04 wt% 
and at the same time, the preferred range of the Fe content is 0.02 
10 to 0.06 wt% or 0.02 to 0.05 wt% . 

EXAMPLES 

To explain the present invention in more detail, preferred 
examples of the invention are shown below along with compared 
examples . 

First, sample solders having the composition specified in 
the following Tables 6 to 10 were produced, in which the balance 
of the composition of each solder was Sn and inevitable impurity. 
The sample solders thus produced were respectively termed the sample 
Nos . 1 to 105, respectively. 

20 
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TABLE 6 



SAMPLE 
NO. 


COMPOSITION ( wt% ) 


Ag 


Cu 


Ni 


Fe 


1 


3.5 


0.8 


0 


0 


2 


3.5 


0 . 8 


0.02 


0 


3 


3.5 


0.8 


0.04 


0 


4 


3.5 


0.8 


0.06 


0 


5 


3.5 


0.8 


0.08 


0 


6 


3.5 


0.8 


0.1 


0 


7 


3.5 


0.8 


0 


0.02 


8 


3.5 


0.8 


0 


0.04 


9 


3.5 


0.8 


0 


0.06 


10 


3.5 


0 . 8 


0 


0.08 


11 


3.5 


0.8 


0 


0.1 


I 12 


3.5 


0.8 


0.02 


0.02 


13 


3.5 


0.8 


0.04 


0. 02 


14 


3.5 


0.8 


0.05 


0.02 


15 


3.5 


0.8 


0.06 


0.02 


16 


3.5 


0.8 


0. 08 


0.D2 


17 


3.5 


0 . 8 


0.1 


0.02 
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C3 

m 

i 

t „ 
.3 

C3 

fU 



=— 111 

SAMPLE 
NO. 


COMPOSITION ( wt% ) 


Ag 


Cu 


IN JL 




18 




u . z 


U 


0 


19 




u . z 


(J . 02 


0 


20 


O.J 


u . z 


0 . 04 


0 


21 


o . o 


n o 
U . Z 


0.06 


0 


22 




O - O 


U . Z 


0.08 


0 


23 


-3-D 


0 . 2 


0 . 1 


0 


24 


O . 3 


0 . 2 


0 


0. 02 


25 




U . 2 


0 


0. 04 


26 


3.5 


0 . 2 


0 


0.06 


27 


3 . 5 


0.2 


0 


0.08 


28 


J - 5 


0 . 2 


0 


0.1 


29 


3 . 5 


0 . 4 


0 


0 


30 


3 . 5 


0 . 4 


0. 02 


0 


31 




0 . 4 


0. 04 


0 


32 


3.5 


0.4 


0.06 




33 


3.5 


0.4 


0.08 


0 


34 


3.5 


0.4 


0.1 


0 


35 


3.5 


0.4 


0 


0-02 


36 


3.5 


0.4 


0 


0 .04 


37 


3.5 


0.4 


0 


0.06 


38 


3.5 


0.4 


0 


0.08 


39 


3.5 


0.4 


0 


0.1 
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TABLE 8 



SAMPLE 
NO. 


COMPOSITION ( wt% ) 


Ac 


Cu 


Ni 


Fe 


40 


O.J 


1 o 


u 


0 


41 




1 . ^ 


0.02 


0 


42 




1 - 2 


0.04 


0 


43 


O . 3 


1 * 2 


0.06 


0 


44 


J . D 


1 - 2 


0 . 08 


0 


45 




1*2 


0 . 1 


0 


46 


J • O 


1 - 2 


0 


0 . 02 


47 


"5 c: 

J - o 


1 . 2 


0 


0. 04 


48 


J3 . 3 


1 * 2 


0 


0.06 


49 


3 . 5 


1 . 2 


0 


0.08 


50 


-71 c 


1 . 2 


0 


0.1 


51 


3 . 5 


1 . 6 


0 


0 


52 


3 . 5 


1 . 6 


0. 02 


0 


53 


3 . 5 


1. 6 


0.04 


0 


54 


3 . 5 




n a £ 

u . U D 


u 


55 


3.5 


1.6 


0.08 


0 


56 


3.5 


1.6 


0.1 


0 


57 


3.5 


1.6 


0 


0.02 


58 


3.5 


1.6 


0 


0. 04 


59 


3.5 


1.6 


0 


0.06 


60 


3.5 


1.6 


0 


0. 08 


61 


3.5 


1.6 


0 


0.1 
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TABLE 9 



SAMPLE 
NO. 


COMPOSITION ( wt% ) 


Ag 


Cu 


Ni 


Fe 


62 




n q 

U - O 


U 


0 


63 


u . o 


U . o 


0 . 02 


0 


64 




n d 
U . cf 


U . 04 


0 


65 


n c: 
U . O 


0 . 8 


0.0b 


0 


66 


U - o 


U - o 


0.08 


0 


67 


U - o 


o o 
0 ♦ 0 


0 . 1 


0 


63 




0 . 8 


0 


0 . 02 


69 


U - O 


0 . 8 


0 


0.04 


70 


U ♦ D 


0 . 8 


0 


0. 06 


71 


U . r> 


0 • 8 


0 


0.08 


72 


U . o 


0 . 8 


0 


0 . 1 


1 73 


1 


0 . 8 


0 


0 


74 


1 


0 . 8 


0.02 


0 


75 


1 


0 . 8 


0.04 


0 


76 


1 


0 . 8 


0.06 


n 

u 


77 


1 


0.8 


0.08 


0 


78 


1 


0.8 


0.1 


0 


79 


1 


0.8 


0 


0. 02 


80 


1 


0.8 


0 


0.04 




1 


0.8 


0 


0.06 


82 


1 


0.8 


0 


0.08 


83 


1 


0.8 


0 


0.1 
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TABLE 10 



in 

~ s 



jBJKft 



If sir 



SAMPLE 
NO. 



COMPOSITION ( wt% ) 





Ag 


Cu 


Ni 




84 


4 


0.8 


0 


o 


85 


4 


0.8 


0 . 02 


0 


86 


4 


0.8 


0 . 04 


o 


87 


4 


0 . 8 


0 . 06 


n 


88 


4 


0 , 8 


U ■ U U 


n 


89 


4 


0 . 8 


0 . 1 


0 


90 


4 


0 . 8 


o 




91 


4 


0.8 


o 


0 04 


92 


4 


0 . 8 


n 




93 


4 


0 . 8 


n 


n no 
u ♦ u o 


94 


4 


0 . 8 


n 

\J 


U - _L 


95 


5 


n ft 


U 


/\ 

u 


96 


5 


0 8 


n no 


U 


97 


5 


0 8 


n r\A 
u • yj^i 


U 


98 


5 


0.8 


0.06 


0 


99 


5 


0.8 


0.08 


0 


100 


5 


0.8 


0.1 


0 


101 


5 


0.8 


0 


0-02 


102 


5 


0,8 


0 


0. 04 


103 


5 


0.8 


0 


0.06 


104 


5 


0.8 


0 


0.08 


105 


5 


0.8 


0 


0.1 
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Next, the copper dissolution rate f the melting temperature, 
the viscosity, and the spreading rate (i.e., wettability) were 
measured in the following way. 

In the measurement of the copper dissolution rate, a 
5 solution of isopropyl alcohol that contains 20 wt% of rosin was 
used as a flux. The solution was coated on copper wires having a 
diameter of 0-5 mm and then, the copper wires thus coated were 
£3 immersed in a solder bath for a specific period. Thereafter, the 

fcy 

ffl radius reduction of the wires was measured. 



^ 10 In the measurement of the melting temperature, the solidus 



rn 



cs z 
'a. z 



temperature was measured by the "differential thermal analysis" 
method. Also, each sample solder was melted and stored in a 
measurement cup. Then, while the viscosity of the sample solder 
thus melted was measured by using a "VISCOTESTER VT-04" (produced 

15 by RION CO. LTD.), the solder was gradually cooled in such a way 
that the temperature of the solder was lowered from the temperature 
of approximately 310 °C toward room temperature. The temperature 
at which the viscosity of the solder suddenly rises was found during 
the cooling process. The temperature at which the viscosity of the 

20 solder suddenly rises was defined as the liquidus temperature* 
Therefore, the viscosity of the sample solders was measured during 
the measurement of the melting temperature. 

In the measurement of the spreading rate (i.e., 
wettability) , according to the method of the "spreading rate test" 
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specified in the section 8.3.1.1 of JIS Z 3197 (which defines the 
testing method of soldering fluxes) * Specif ically, 0.3 g of each 
solder with a flux was placed on an oxidi2ed copper plate and then, 
it was heated for 30 seconds at 250 °C, thereby spreading the solder 
5 on the plate. Thereafter, the solder was cooled to solidify the 
same. The height of the solidified solder was measured and the 
spreading rate thereof was calculated from the height thus measured. 
£3 The results of the above-described measurement are listed 

[ft in the following Tables 11 to 15, in which the evaluation result 

H 10 is added to each sample with the symbols "O", M A", and "X". These 

Q 
CO 



3 



ru 



symbols were added according to the standard explained below. 
H If the liquidus temperature was equal to or less than 230 

°C, the symbol ^O" was added. If it was greater than 230 °C and 
equal to or less than 240 °c, the symbol "A" was added. If it was 
15 greater than 240 °C, the symbol " X " was added. 

If the copper dissolution rate was less than 0.15 pm/sec, 
the symbol *0" was added. If it was in the range from 0*15 nm/sec 
to 0.20 pm/sec, the symbol "A" was added. If it was higher than 
0.20 jam/sec, the symbol XS X" was added. 

If the viscosity was equal to or less than 2 . 5 cP, the symbol 
"O" was added. If it was higher than 2.5 cP, the symbol " X " was 



20 



added. 
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If the spreading rate was equal to or higher than 75 %, the 
symbol ^O" was added. If it was lower than 75 %, the symbol X> X" 
was added. 

If any one of the measurement results included the symbol 
5 "X", the total evaluation result was defined as XN X". if any one 
of the measurement results included the symbol "A" while none of 
the measurement results included the symbol " X the total 
J evaluation result was defined as "A". If none of the measurement 

results included the symbols " X " and "A", in other words, all the 
^| 10 measurement results included the symbol m O", the total evaluation 
s result was defined as "O". 

In addition, if the sample included the symbol "X" about 
the liquidus temperature, the total evaluation result was defined 
as XX X" without measurements about the viscosity and the spreading 

15 rate. Thus, some of the samples include no data or results in Tables 
11 to 15. 
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m 

\* 

: 

3 

rti 



SAMPLE 
NO. 


SOLIDUS 
TEMP. 
( °C ) 


LIQUIDUS 
TEMP. 
( °c ) 


COPPER 
DISSOLUTION 
RATE 
( |jm/sec ) 


VISCOSITY 
( CP ) 


SPREADING 
RATE 
( % ) 


TOTAL 

EVALU- 
ATION 


1 


217 


217 


O 


0.15 


A 


1.7 


O 


77. 9 


O 


A 


2 


217 


217 


O 


0.1 


O 


1.8 


O 


76.9 


O 


o 


3 


217 


217 


O 


0.07 


O 


1.7 


o 


77 


O 


o 


4 


217 


230 


O 


0.05 


O 


1.7 


o 


77.2 


O 


o 


5 


217 


250 


X 


0.03 


o 










X 


6 


217 


265 


X 


0.02 


o 










X 


7 


217 


217 


O 


0.14 


o 


2.1 


o 


77.7 


O 


o 


8 


217 


217 


O 


0.13 


O 


2.3 


o 


77.9 


O 


o 


9 


217 


217 


O 


0.12 


O 


2.5 


o 


78 


O 


o 


10 


217 


217 


O 


0. 11 


O 


2.8 


X 


78.4 


O 


X 


11 


217 


217 


O 


0.1 


O 


3.1 


X 


78 .5 


o 


X 


12 


217 


217 


O 


0.08 


O 


2.1 


o 


77.7 


o 


O 


13 


217 


217 


O 


0.05 


o 


2.1 


o 


77.9 


o 




14 


217 


217 


O 


0 . 04 


o 


2.1 


o 


77.8 


o 




15 


217 


233 


A 


0.03 


o 


2.2 


o 


77 . 5 


o 




16 


217 


255 


X 


0. 02 


o 












17 


217 


268 


X 


0. 01 


o 
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TABLE 12 

I 



SAMPT.'R 
NO. 


SOLIDUS 
TEMP. 

( °C ) 


LIQOIDUS 
TEMP. 
( °C ) 


COPPER 
DISSOLUTION 
RATE 
( |mn/sec ) 


VISCOSITY 
( CP ) 


SPREADING 
RATE 
( % ) 


TOTAL 
EVALU- 


18 


217 


220 


O 


0.22 


X 


1.8 


o 


78 .2 


O 


X 


19 


217 


220 


O 


0.15 


A 


1.7 


o 


78.1 


O 


A 


20 


217 


220 


O 


0.1 


O 


1.7 


o 


77 . 8 


O 


O 


21 


217 


233 


A 


0. 07 


O- 


1.8 


o 


78.2 


O 


A 


22 


217 


253 


X 


0.04 


O 










X 


23 


217 


268 


X 


0.03 


O 










X 


24 


217 


220 


O 


0.2 


A 


2.2 


o 


78.2 


o 


A 


25 


217 


220 


O 


0.19 


A 


2.4 


o 


78.4 


o 


A 


26 


217 


220 


O 


0.18 


A 


2.5 


o 


78.1 


o 


A 


27 


217 


220 


O 


0. 16 


A 


2.9 


X 


78 . 6 


o 


X 


28 


217 


220 


O 


0.15 


A 


3.2 


X 


78 . 5 


o 


X 


29 


217 


219 


O 


0. 18 


A 


1.7 


o 


77 . 8 


o 


A 


30 


217 


219 


O 


0. 12 


O 


1.7 


o 


77.4 


o 


O 


31 


217 


219 


o 


0.08 


O 


1.7 


o 


77.8 


o 


O ' 


32 


217 


232 


A 


0. 05 


O 


1.7 


o 


78.5 


o 


A 


| 33 


217 


252 


X 


0.03 


O 










X 


' 34 


217 


267 


O 


0. 02 


O 










X 


35 


217 


219 


O 


0.17 


A 


2.1 


o 


77. 9 


o 


A 


36 


217 


219 


O 


0 . 16 


A 


2.2 


o 


77. 9 


o 


A 


37 


217 


219 


o 


0.14 


O 


2.4 


o 


78.4 


o 


O 


38 


217 


219 


o 


0.13 


O 


2.6 


X 


78 . 3 


o 


X 


39 


217 


219 


o 


0.12 


O 


3 


X 


78.2 


o 


— 

X 
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TABLE 13 



SAMPLE 
NO. 


SOLIDUS 
TEMP. 
( °C ) 


LIQOIDUS 
TEMP. 

( °c ) 


COPPER 
DISSOLUTION 
RATE 
( nm/sec ) 


VISCOSITY 
( CP ) 


SPREADING 
RATE 
( % ) 


TOTAL 
EVALU- 
ATION 


I 40 


217 


226 


O 


0.08 


O 


1.7 


O 


77.9 


O 


O 


I 41 


217 


226 


O 


0. 05 


O 


1.8 


O 


78 


O 


o 


42 


217 


226 


O 


" 0 . 04 


O 


1.7 


O 


77.7 


O 


o 


43 


217 


239 


A 


0.02 


O 


1.7 


O 


77.6 


O 


A 


44 


217 


2 61 


X 


0.02 


o 










X 


45 


217 


276 


X 


0.01 


o 










X 


46 


217 


226 


O 


0.05 


o 


2.1 


O 


78.1 


o 


o 


47 


217 


226 


O 


0.04 


O 


2.3 


O 


78.2 


o 


o 1 


48 


217 


226 


O 


0.02 


O 


2.5 


O 


78.1 


o 


o 


1 49 


217 


226 


O 


0. 02 


O 


2.7 


X 


78.4 


o 


X 


50 


217 


226 


O 


0.01 


O 


3 


X 


78.5 


o 


X 


51 


217 


242 


X 


0.04 


O 


1.8 


O 


77.5 


o 


X 


52 


217 


242 


X 


0.03 


o 


1.8 


O 


77.8 


o 


X 


53 


217 


242 


X 


0. 02 


o 


1.8 


O 


77 


o 


X 


54 


217 


255 


X 


0 . 01 


o 










x 


55 


217 


277 


X 


0. 01 


o 










X 


56 


217 


292 


X 


0 . 01 


o 










X 


r- —7 

57 


217 


242 


X 


0. 04 


o 


2.1 


o 


78 


o 


X 


58 


217 


242 


X 


0.03 


o 


2.3 


o 


78.2 


o 


X 


59 


217 


242 


X 


0.03 


o 


2. 6 


X 


78.1 


o 


X 


60 


217 


242 


X 


0 . 03 


o 


2.9 


X 


77.8 


o 


X 


61 


217 


242 


X 


0.03 


o 


3.3 


X 


78.2 


o 


X 
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TABLE 14 



SAMPLE 
NO. 


SOLIDUS 
TEMP. 

( °C ) 


LIQUIDUS 
TEMP. 

( °c ) 


COPPER 
DISSOLUTION 
RATE 
( fxm/sec ) 


VISCOSITY 
( cP ) 


SPREADING 
RATE 
( % ) 


TOTAL 
EVALU- 
ATION 


62 


217 


226 


O 


0.24 


X 


1.8 


O 


78. 1 


O 


X 


63 


217 


226 


O 


0.16 


A 


1.8 


o 


77.8 


O 


A 


64 


217 


226 


O 


0. 11 


O 


1.7 


o 


77.7 


O 


o 


65 


217 


226 


O 


0.09 


O 


1.7 


o 


76.8 


O 


o 


66 


217 


226 


O 


0.05 


O 


1.7 


o 


77. 6 


o 


o 


67 


217 


226 


O 


0.03 


O 


1.7 


o 


77. 6 


o 


o 


68 


217 


226 


o 


0.22 


X 


2.1 


o 


78.2 


o 


X 


L 69 


217 


226 


o 


0.21 


X 


2.3 


o 


78. 1 


o 


X 


70 


217 


226 


o 


0. 19 


A 


2.6 


X 


78.5 


o 


X 


71 


217 


226 


o 


0.18 


A 


2.8 


X 


77. 9 


o 


X 


72 


217 


226 


o 


0.16 


A 


3.2 


X 


78.4 


o 


X 


73 


217 


225 


o 


0.2 


A 


1.7 


o 


77 


o 


A 


74 


217 


225 


o 


0.13 


o 


1.7 


o 


76.8 


o 


o 


75 


217 


22 5 


o 


0.09 


o 


1.7 


o 


77.1 


o 


o 


76 


217 


225 


o 


0.06 


o 


1.7 


o 


77. 3 


o 


o 


77 


217 


225 


o 


0.04 


o 


1.7 


o 


78. 1 


o 


O 


78 


217 


235 


A 


0.03 


o 


1.8 


o 


77. 8 


o 


A 


79 


217 


225 


o 


0.19 


A 


2.1 


o 


77.2 


o 


A 


80 


217 


225 


o 


0. 17 


A 


2.4 


o 


77. 2 


o 


A 


81 


217 


225 


o 


0.16 


A 


2.6 


X 


77. 8 


o 


X 


82 


217 


225 


o 


0. 15 


A 


3 


X 


78.2 


o 


X 


83 


217 


225 


o 


0.13 


O 


3.3 


X 


78 


o 


x 
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TABLE 15 



CO 



r — — 

QhMpT TJ 1 

o-f^i i JtrXji-j 

NO. 


SOLIDUS 
TEMP. 

( °C ) 


LIQUIDUS 
TEMP. 
( °c ) 


COPPER 
DISSOLUTION 
RATE 

( fim/sec ) 


VISCOSITY 
( CP ) 


SPREADING 
RATE 
( % ) 


TOTAL 

EVALU- 

7\npT mvt 

r\ ± iUlM 


84 


217 


224 


O 


0.12 


O 


1.7 


O 


77.8 


O 


o 


85 


217 


224 


O 


0.08 


O 


1.7 


O 


77 . 6 


O 


o 


86 


217 


224 


O 


0.06 


O 


1.8 


o 


78.1 


O 


o 


87 


217 


237 


A 


0.04 


O 


1.8 


o 


77 .4 


O 


A 


88 


217 


257 


X 


0. 02 


O 










X 


89 


217 


272 


X 


0.02 


o 










X 


90 


217 


224 


O 


0.11 


o 


2.2 


o 


77 . 9 


o 


O 


91 


217 


224 


O 


0.1 


o 


2.3 


o 


78.5 


o 


O 


92 


217 


224 


O 


0.1 


o 


2.5 


o 


77.8 


o 


O 


93 


217 


224 


O 


0.09 


o 


2.7 


X 


78.3 


o 


X 


94 


217 


224 


O 


0. 08 


o 


3 


X 


78. 1 


o 


X 


95 


217 


236 


A 


0.11 


o 


1.7 


o 


77.5 


o 


A 


96 


217 


236 


A 


0.07 


o 


1.7 


o 


77.9 


o 


A 


97 


217 


236 


A 


0.05 


o 


1.7 


o 


78 


o 


A 


98 


217 


249 


X 


0.03 


o 


5.5 


X 


70.8 


o 


X 


99 


217 


269 


X 


0.02 


o 










X 


100 


217 


284 


X 


0. 01 


o 










X 


101 


217 


236 


A 


0.1 


o 


2.1 


o 


77.8 


o 


A 


102 


217 


236 


A 


0.1 


o 


2.3 


o 


77.8 


o 


A | 


103 


217 


236 


A 


0. 09 


o 


2.5 


o 


77.5 


o 


A J 


104 


217 


236 


A 


0.08 


o 


2.7 


X 


78.2 


o 


x 1 


105 


217 


236 


A 


0.07 


o 


3.2 


X 


77.9 


o 


x 



The relationship between the result of the total evaluation 
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of the samples in Tables 11 to 15 and their Ag, Cu, Ni, or Fe content 
is shown in Figs. 2A to 2E, 3A to 3E, 4A to 4E, and 5A to 5E, 
respectively. 

Figs. 2A to 2E and Figs. 3A to 3E show the result of the 
5 samples containing Ni only. In this case, it is found that the total 
evaluation result is "O" or M A" for all the corresponding samples 
when the Cu content is in the range from 0.4 wt% to 1.3 wt% and 
the Ni content is in the range from 0.02 wt% to 0.06 wt% . The total 
evaluation result is not changed even if the Ag content varies within 
10 the range from 1.0 wt% to 4.0 wt% . 



£0 



Also, it is found that the total evaluation result is "O" 
or "A" for all the corresponding samples when the Ag content is 
in the range from 1.0 wt% to 4.0 wt% and the Ni content is in the 
range from 0.02 wt% to 0.06 wt%. The total evaluation result is 
15 not changed even if the Cu content varies within the range from 
0.4 wt% to 1.3 wt%. 

Moreover, it is found that the total evaluation result is 
"O" for all the corresponding samples when the Ni content is in 
the range from 0.02 wt% to 0.06 wt% - The total evaluation result 
is not changed even if the Ag content varies within the range from 
0.4 wt% to 1.3 wt% and the Cu content varies within the range from 
0.4 wt% to 1.3 wt%. 

Figs. 4A to 4E and Figs. 5A to 5E show the result of the 



20 
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samples containing Fe only. In this case, it is found that the total 
evaluation result is "O" or "A" for all the corresponding samples 
when the Cu content is in the range from 0.4 wt% to 1.3 wt% and 
the Fe content is in the range from 0.02 wt% to 0.06 wt%. The total 
5 evaluation result is not changed even if the Ag content varies within 
the range from 1.0 wt% to 4.0 wt%. 

Also, it is found that the total evaluation result is "O" 
□ or "A" for all the corresponding samples when the Ag content is 

yl in the range from 1.0 wt% to 4,0 wt% and the Fe content is in the 

H 8 10 range from 0.02 wt% to 0.06 wtft. The total evaluation result is 

Q 
f 0 

not changed even if the Cu content varies within the range from 
0-4 wt% to 1.3 wt%. 



fibs 



e 



fU Subsequently, to clarify the effect by adding Ni and/or Fe 



to a popular Sn-Ag-Cu solder that contains 3.5 wt% of Ag and 0.8 
15 wt% of Cu, Figs. 6 to 12 are presented on the basis of the results 
shown in Tables 11 to 15. 

Fig. 6 shows the relationship between the liquidus 
temperature and the Ni content of the Sn-Ag-Cu solder that contains 
3.5 wt% of Ag and 0.8 wt% of Cu. It is seen from Fig. 6 that the 
liquidus temperature is equal to or lower than 230 °C when the Ni 
content is 0.06 wt% or less. 

Fig. 7 shows the relationship between the liquidus 
temperature and the Ni content of the Sn-Ag-Cu solder that contains 
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\3 

m 



3*5 wt% of Ag, 0.8 wt% of Cu, and 0*02 wt% of Fe . It is seen from 
Fig* 7 that the liquidus temperature is equal to or lower than 240 
°C when the Ni content is 0.06 wt% or less and equal to or lower 
than 230 °C when the Ni content is 0.04 wt% or less. 
5 Fig, 8 shows the relationship between the copper 

dissolution rate and the Ni and/or Fe content (s) of the Sn-Ag-Cu 
solder that contains 3.5 wt% of Ag and 0.8 wt% of Cu. In Fig, 8, 
the symbol denotes the case of only Ni being added, the symbol 

denotes the case of only Ni being added, and the symbol "A" 

Q 10 denotes the case of both Ni and Fe being added in which the Ni content 

m 

«.E was changed while the Fe content was fixed at 0.02 wt%. It is seen 

U from Fig. 8 that the copper dissolution rate is lower than 0.15 

l/\ um/sec in these three cases when the Ni and/or Fe content (s) is/are 

fj 0.02 wt% or greater. 

15 Fig. 9 shows the relationship between the copper 

dissolution rate and the Ag content of the Sn-Ag-Cu solder when 
the Ni content is changed from 0 to 0 . 1 wt% and the Cu content is 
fixed at 0.8 wt%. Fig. 10 shows the relationship between the copper 
dissolution rate and the Cu content of the Sn-Ag-Cu solder when 
20 the Ni content is changed from 0 to 0.1 wt% and the Ag content is 
fixed at 3.5 wt%. it is seen from Figs. 9 and 10 that the copper 
dissolution rate is lower than 0.15 um/sec when the Ni content is 
in the range from 0.02 wt% to 0.06 wt% while the Ag content is in 
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5 : 

G 

4V 



as 

iU 



the range from 1 wt% to 4 wt% and the Cu content is in the range 
from 0.4 wt% to 1.3 wt% . 

Fig, 11 shows the relationship between the liquidus 
temperature and the Ag content of the Sn-Ag-Cu solder when the Ni 
5 content is changed from 0 to 0.1 wt% and the Cu content is fixed 
at 0.8 wt%. Fig, 12 shows the relationship between the liquidus 
temperature and the Cu content of the Sn-Ag-Cu solder when the Ni 
content is changed from 0 to 0.1 wt% and the Ag content is fixed 
at 3.5 wtl. It is seen from Figs. 11 and 12 that the liquidus 
10 temperature is equal to or lower than 240 °C when the Ni content 
is in the range from 0.02 wt% to 0.06 wtt while the Ag content is 
in the range from 1 wt% to 4 wt% and the Cu content is in the range 
from 0.4 wt% to 1.2 wt%. It is also seen that the liquidus 
C3 temperature is equal to or lower than 230 °C if the Ni content is 

C3 

15 changed in the range from 0.02 wt% to 0.04 wt%. 

While the preferred examples of the present invention have 
been described, it is to be understood that modifications will be 
apparent to those skilled in the art without departing from the 
spirit of the invention. The scope of the present invention, 

20 therefore, is to be determined solely by the following claims. 
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